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I
To provide an explanation for systematic fluctuations in the resistance of Drosophila to alcohol with advancing age it was suggested (Crozier, Pincus, and Zahl (1935-36) ) that periodic metabolic adjustments occur at fairly definite ages, in genetically uniform stock under reasonably constant conditions. They might be said to mark metabolic instars. These adjustments were conceived to have the character of "suppressed moults," or rather of ecdyses which do not materialize,--in other words, to be of the nature which in Orthoptera for example result in successive ecdyses. It was pointed out that the life duration data on inbred lines of Drosophila indicated that the death rate appears to pass through successive accelerations at ages which differ in the various stocks and which are also influenced by sex. The sharpness of appearance of such recurrent periods of accentuated susceptibility should be blunted or obscured by lack of real genetic uniformity in a stock considered, and in a life duration experiment their exhibition should vary with the severity of the conditions affecting survival.
The reality of such critical metabolic conditions, superimposed upon the fundamental progression toward senility, can be tested by examining the rate of occurrence of deaths in the stock we have already tested for resistance to alcohol. The chief evidence for periodic changes in resistance to the toxic action of alcohol was derived from the slopes of the straight lines relating survival time to vapor pressure of alcohol (Crozier, Pincus, and Zalal (1935-36) ). The reciprocals of these slopes, taken as appropriate measures of resistance to diffusive penetration of alcohol, are related to age in such a way that the resistance increases with age but on a curve for which the first derivative (i.e., the rate of change of resistance) shows maxima at several ages, with intervening minima, differing for the two sexes. These maxima coincide with maxima of change in the vapor pressures of alcohol independently calculated to kill instantly. Maxima and minima of changing resistance to alcohol should be expected to show some definite correspondence with minima and maxima in the curve of rate of occurrence of deaths in a survivorship experiment with the same stock grown under the same reasonably constant conditions.
II
The stock of Drosophila used was started from a Florida wild type strain given us by Dr. Demerec and maintained in inbred condition for several years under uniform conditions of culture at 25-26°C. (cf. Crozier, Pincus, and Zahl (1935-36) ). We shall refer to this as line F. Our stock contains a recessive white-eyed mutation which apparently arose some time before our experiments were performed.
Females were permitted to lay eggs for about 3 hours on a drop of culture medium on a 5 cm. glass square. Drops were then peeled off and transferred to culture bottles (half-pint bottles); or the flies were permitted to deposit eggs for about 3 hours in new cultures. The culture medium contained: 40 gin. agar, 200 gln. cornmeal, 280 cc. molasses, 2000 cc. water (or enough to give such a consistency that the medium settled in 15 minutes). Each culture bottle received 1 ~ cm. depth of the medium, and after cooling was inoculated with 2-4 drops of a 20 per cent yeast suspension and left standing overnight. A square of filter paper on top of the culture medium prevented accumulation of excess moisture.
Newly hatched unmated flies were etherized, the sexes assorted, and transferred to empty bottles until recovery from the ether. 35 to 60 individuals were placed in a single culture bottle for the determination of death rates.
At 26°C. the minimum time from egg laying to emergence of flies is 9 days. The culture media were changed to prevent possible contamination from accidentally fertilized flies. Bottles were changed routinely at intervals of 5-7 days, or when the medium became too moist, or when the mortality was unusually high and counting became difficult.
The experiment was made. in such a way that not all the bottles of the total population examined were initiated on the same day, but over a period of a week. This was done in order to make certain that no systematic rhythm of changing culture bottles could influence the occurrence of deaths in a systematic way. When the numbers of individuals in the bottles fell to 35 or less, the population in several bottles was combined so as to maintain the population in a single bottle between 35-45 at all times; the intention was to remove the influence of a density of population factor upon occurrence of deaths.
The first experiment was made with 971 females and 962 males. On its completion the whole experiment was repeated with 938 females and 898 males. Dead flies were counted each day, at about the same time. Agreement in the results of such repetitive tests is of course more significant than would be the increased formal precision to be obtained by enlarging the total numbers in any one rdn.
In addition, we have made runs with mixed populations of strain F, and also with an eosin stock which has been inbred in this laboratory. In a mixed population of males and females, where the proportion of the two fluctuates, the temporary accelerations of the death rate are largely obscured.
III
The running totals of observed deaths at successive ages (~d') are plotted in Fig. 1 . It is apparent that the rate of occurrence of deaths is not uniform. It is also clear that the peculiarities of the curve for each sex are specifically exhibited in repetitions of the experiment. The d,'s for the two experiments have been added for purposes of further treatment of the curves for the two sexes. The changes in rate of change of the death rate and the participation of a sex factor are of the type already indicated in previously available data upon other inbred lines of Drosophila (cf. Crozier, Pincus, and ZaJal (1935-36) ).
From measurements with line F of the time-to-death in various partial pressures of alcohol vapor an invasibility coefficient S was calculated for flies of different ages (Crozier, Pincus, and Zahl (1935-36) ). ~ S was found to have a rather complex relationship to age of fly, and to differ for the two sexes. The data are reproduced in Fig. 2 . Changes in the shape of the S-age curve were found to be correlated with fluctuations in the vapor pressure P0 of alcohol computed to kill instantly. Alterations in -dS/dt were also found to be associated with maxima in the variation (¢1~) of time-to-death.
We may regard the rate of change of S as an index of the rate of underlying metabolic events. To make the notion specific, the increase of resistance to diffusive penetration of alcohol from its vapor, with advancing age of fly, may be conceived due to the superficial deposition of cuticular materials, or to the progressive removal of materials favoring penetration, this being a result of general metabolic events. Alterations in -dS/d~ should therefore be correlated with changes in the rate of progression of the underlying metabolic processes. Where dS/dt changes least rapidly, P0 is at a maximum. Where dS/dt exhibits rapid changes, P0 is at a minimum. The determinations of S were based upon observations with flies of ages spaced at intervals of 1 day from 1 to 10 days inclusive, at intervals of 5 days thereafter up to 50 days. The death rate data were obtained for intervals of 1 day throughout; we might thus reasonably expect greater complexity in the latter. Nonetheless, if ages of minimum and maximum resistance to the penetration of alcohol and to its toxic action are determined by the incidence of surges in metabolic progress toward death, then there should be apparent rather definite correspondences between rate changes in -dS/dt (i.e., in d~S/dt 2) and in the rate of accumulation of deaths. These maxima are deducible from Fig. 3 as easily as from tabulated daily death rates (q:), which have been computed; the fluctuations are statistically significant, as well as being essentially coincident (for each sex) in independent P repetitions of the experiment. It is also true that minima in q~ coincide with regions of the S-age curve which show practical constancy of dS/dt. These correspondences are perhaps most simply made clear by a plot of log (1/2~d:) as a function of age. Correspondences of changes in the slopes of this curve with those of the curve of S, as a function of age, would mean that AS per unit time (under constant conditions) has the same kind of meaning, so far as the aging function is concerned, as d',t/Zd'~,; d'~ signifies the number dying in 1 day at age t and ~d~'t is the total dead up to and including that day--in other words, the percentage of the total deaths (up to that point) occurring at that particular age. The curves are given in Fig. 3 , where log (1/2Ida) is plotted against age. The correspondence with The alcohol experiments demonstrate that all the individuals of one sex of the inbred strain F pass through critical periods at the same ages. The incidences of deaths under the conditions of the present tests show merely that the occurrence of the termination of life is increasingly probable at the particular intercycle ages. It is entirely justifiable to conclude that under uniform conditions of greater severity (e.g., less food, more crowding, higher temperature)
• t the changes of curvature m the 2~d~ curves would be more accentuated. The evidence shows that at these ages the resistance to alcohol (P0) is at a minimum, that the rate of decrease of invasibility by alcohol vapor is changing most rapidly, and that the death rate goes through a maximum. We may consequently take these particular ages as defining the time limits of metabolic instars, under the present conditions. It should be of interest to ascertain the manner of ,->.50O that cross-over frequencies as a function of age fluctuate in a definitely analogous manner (c.f. Bridges (1927); (1929) ).
